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ABSTRACT 

The hardness of the ionizing continuum from the first sources of UV radiation plays a crucial role in 
the reionization of the intergalactic medium (IGM). While usual stellar populations have soft spectra, 
mini-quasars or metal-free stars with high effective temperatures may emit hard photons, capable of 
doubly ionizing helium and increasing the IGM temperature. Absorption within the source and in 
the intervening IGM will render the ionizing continuum of high-redshift sources inaccessible to direct 
observation. Here we show that Hell recombination lines from the first luminous objects are potentially 
detectable by the Next Generation Space Telescope. Together with measurements of the Ha emission 
line, this detection can be used to infer the ratio of Hell to HI ionizing photons, Q = N^'^^ / N^-^. A 
measurement of this ratio would shed light on the nature and emission mechanism of the first luminous 
sources, with important astrophysical consequences for the reheating and reionization of the IGM. 

Subject headings: cosmology: theory - galaxies: formation - quasars: emission lines 



L INTRODUCTION 

The launch of the Next Generation Space Telescope 
(NGST) raises the exciting possibility of direct imaging 
and spectroscopy of the first luminous objects that reion- 
ized the universe at high redshifts z ~ 5 — 30. The first 
mini-galaxies are likely detectable in rest frame UV emis- 
sion (Haiman & Loeb 1997), assuming a cold dark mat- 
ter (CDM) cosmology, and an average star formation ef- 
ficiency calibrated to the observed metallicity of the Lya 
forest at redshift z ~ 3. Similarly, mini-quasars with black 
hole (BH) masses comparable to those found in nearby 
galaxies (Gebhardt et al. 2000; Ferrarese & Merritt 2000) 
and shining at the Eddington limit would be observable 
(Haiman & Loeb 1998). Detection of these sources before 
the epoch of reionization in the Lya emission line is diffi- 
cult due to the high optical depth of the intervening neu- 
tral IGM. This causes the Lya photons to be spread out 
over an extended low surface brightness halo (Loeb & Ry- 
bicki 1999), although if the first ionizing sources were very 
luminous quasars, they may ionize a sufficiently large sur- 
rounding region that Lya detection becomes feasible (Cen 
& Haiman 2000, Madau & Rees 2000). By comparison, 
resonant scattering is unimportant for Balmer line emis- 
sion, which is likely to be detectable by NGST (Oh 1999), 
even for sources which do not ionize their surroundings out 
to great distances. 

The above observations do not strongly constrain the 
hardness of the ionizing spectrum. Hard sources of ioniz- 
ing radiation are certainly plausible at high redshift, and 
can vary from mini-quasars (Haiman & Loeb 1998), to 
very massive objects ( ^ 100 M© VMOs, Bond, Carr, 
& Arnett 1984), metal-free stars (Castellani et al. 1983; 
El Fid et al. 1983; Tumlinson & ShuU 2000), thermal 
and non-thermal emission from supernova remnants (Oh 



2000a), X-ray binaries, and so forth. In particular, while 
low-metallicity {Z ~ lO^^Z©) stellar populations with a 
Salpeter or Scalo IMF (which are often used in reionization 
models) emit a negligible amount of Hell ionizing photons, 
this is not the case for these other sources of ionizing ra- 
diation. 

The spectral hardness of the first sources of ionizing ra- 
diation has important consequences for cosmological reion- 
ization. If the first ionizing sources emit copious num- 
bers of Hell ionizing photons. Hell might be substantially 
rcionized at high redshifts. The fast recombination time 
of Hell allows efficient transfer of energy from the radi- 
ation field to the IGM, raising the IGM to significantly 
higher temperatures (Miralda-Escude & Rees 1994). In 
addition, if the ionizing spectrum extends to X-ray en- 
ergies (~ IkeV), the hard photons promote H2 molecule 
formation and cooling inside minihalos, by increasing their 
free electron fraction (Haiman, Abel & Rees 2000). As a 
result, reionization could commence at higher redshifts. 
Finally, due to their large mean free path, hard X-ray 
photons also change the topology of reionization, making 
it gradual and homogeneous (Oh 2000b). 

Despite its importance, the ionizing continuum of high- 
redshift sources will likely be inaccessible to direct obser- 
vation, because of strong absorption by neutral H and He 
within the source, and also in the neutral IGM in which 
the sources are embedded. In particular, the very high op- 
tical depth to resonant scattering in the IGM by neutral 
hydrogen implies that flux shortward of rest-frame Lya is 
sharply attenuated (Gunn & Peterson 1965). The produc- 
tion rate of ionizing photons may be indirectly inferred 
by Ha observations with NGST. As shown recently by 
Tumlinson & ShuU (2000), the composite spectrum of a 
metal-free stellar population is significantly harder than 
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that of its low-nietalhcity counterpart: as a consequence, 
Hell recombination hnes from metal-free stars might also 
be observable with NGST. The IGM is optically thin to 
these recombination lines, since the de-excitation time for 
level transitions is very short and HcH always resides in 
the ground state. In this paper, we show that that observ- 
ing HcH recombination lines from the first ionizing sources 
is feasible, and can serve as a general diagnostic of any 
hard source of ionizing radiation. A measurement of the 
strength of these emission lines can help distinguish be- 
tween different reionization scenarios: e.g. whether mini- 
galaxies or mini-quasars were the dominant sources of ion- 
izing radiation at high rcdshift. 

2. DETECTABILITY OF HEII RECOMBINATION LINES 

The escape fraction f™ of HI ionizing photons from 
galaxies in the local universe is inferred to be small, ~ 
3 — 6% (Leitherer et al 1995, Bland-Hawthorn & Maloney 
1999, Dove, ShuU & Ferrara 2000) and is expected to fur- 
ther decrease with increasing redshift (Wood & Loeb 2000, 
Ricotti & ShuU 2000). The escape fraction f^f^ of Hell 
ionizing photons is likely to be even smaller: all the sources 
of ionizing radiation we consider have Q = N^°^^/N^l^ ^ 

(nHo/"H)(troc,HlAroc,HoIl) = (Q:HoII"Ho)/(Q:HmH) = 0.5 

(here iV™ and iV^^n^^ are the ionizing photon emission 
rates above 13.6 and 54.4eV; tree, hi and tree.Hoii sue the re- 
combination timescales for HI and Hell, and ajji and aueii 
are the case B recombination coefficients). We thus expect 
that the extent of HcIII regions within the galaxy is smaller 
than the extent of HII regions, implying f^°^^ < f™. 

We proceed to estimate the luminosity of sources in re- 
combination line emission by assuming that the escape 
fraction /esc of ionizing photons is negligibly small. In 
this case, under a wide range of nebulosity conditions, the 
emission rate of recombination line photons is proportional 
to the emission rate of ionizing photons (more generally, 
the line fluxes we predict would also scale linearly with 
oc [1 — /ose])- It is useful to express the line intensities 
relative to the strongest line, the Balmer a line of hy- 
drogen. For the Balmer a line, Ntia ~ 0-45iV^^ (Hum- 
mer & Storey 1987). The luminosity in a line i is given 

by L, = iiTJiV = {4TTJ,)/{nenk) x (A^i^„)/(aB,fc), where 
4:TTJi is the emission coefficient (in erg cm~"^ s~^), V is the 
emitting volume, and we have assumed ionization balance 
for species k, which implies A^i^jj = a^./t^e^fc^- Thus, 
we can normalize the luminosity of a helium recombina- 
tion line i to the Ha luminosity via ij = QfiL}i„. where 

Lua is the Ha line luminosity, /j 
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and we obtain the quantities JHa/nmine and ji /'^Heiii^-e 
from Seaton (1978). Note that the similar temperature 
scaling of the HI, Hell emission and recombination co- 
efficients implies that /i ex T'^-^^ depends only weakly 
on the assumed temperature, varying by at most ~ 10% 
across a plausible temperature range. We are only inter- 
ested in the Hell recombination lines longward of HI Lya, 
which will not redshift into HI Lya and be resonantly scat- 
tered in the IGM. The three strongest such recombination 
lines are: HeII(4 -^ 3), HcII(3 -^ 2), and HeII(5 -^ 3), 
with rest frame wavelengths A = 4686A, 1640A, 3203A, 
and luminosities relative to the Ha line of /a4686 == 0.74, 
/ai64o = 4.7, /a3203 = 0.30 respectively. 



We now consider two examples for the detectabil- 
ity of the Hell recombination lines: a metal-free stel- 
lar population with a Salpeter IMF, or a mini-quasar 
with a BH of mass Mbh- For metal-free stars the 
ionizing photon production rates are given by N^^ ~ 
1.5 X lO53(SFR/M0yr-i) photons s-i, and N^^^^ « 
lO5i-8(SFR/M0yr-i) photons s-i, implying Q « 0.05 ( 
Tumhnson & ShuU, 2000). Thus, the flux from the He 
recombination line i is 



Att£ 6v V1.2 



Q_ 

0.05/ VlMoyr- 



SFR 



R 

1000 

1-/, 



1 + z 
10 



Hell 

esc 



1 



nJy, (1) 



where qi = /it^Ha/t^i (so that gA4686 = 0.53,gAi640 = 
1-2,9a3203 = 0.15), R = X/SX is the spectral resolution, 
and SFR is the star formation rate. We have assumed 
that the line is unresolved, so that the measured flux is 
linearly proportional to the spectral resolution. The in- 
tensity of the Hell lines is only a few percent of the flux 
from Ha emission. For mini-quasars emitting ionizing ra- 
diation with a power law spectrum Li, oc v^", we have 
Q — 4^". The median spectrum of Elvis ct al. (1994) sug- 
gests awl, while the observations of Zheng et al. (1997) 
suggest a « 1.8 (note that the latter was observed only in 
the radio-quiet AGN subsample at energies up to 2.6 Ry, 
short of the 4.0 Ry Hell edge). We infer an implied range 
of Q = 0.08 — 0.25, so that a somewhat larger fraction of 
the ionizing radiation from quasars is able to ionize Hell. 
Assuming the BH emits radiation at the Eddington rate, 
we find the He recombination flux: 
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Note that f^^^^^ for QSOs can be somewhat larger than 
that for stars. Since the central black hole is a point source, 
it can create an ionized chimney of gas perpendicular to 
the disk through which ionizing photons can escape. This 
is also the case if gas is clumpy and the covering factor of 
neutral clouds is low. However, unless the escape fractions 
are very high {f^^^^ > 50%), this docs not significantly 
affect our estimates. 

Despite the fact that HcH line flux is a small fraction 
of the Ha line, the Hell line can still be detected. To es- 
timate the signal-to-noisc ratio of the emission lines, we 
use the the expression for the noise expected for NGST 
given by Gillett & Mountain (1998, page 44, see also Oh 
1999). In the relevant range of fluxes and wavelengths (a 
few nJy at 1/im ^ A ;^ 10/im), the noise is expected to be 
dominated by the detector dark current and the sky back- 
ground. In the 1-5.5 /im range we adopt a dark current 
of 0.02 e s~^, based on the current design goal of NGST. 
The detector noise at A > 5.5/xm is expected to increase 
substantially; we assume a dark current of 0.3 e s~^ in 
this range based on the present state-of-the art detector 
on the Space Infrared Telescope Facility (SIRTF). To esti- 
mate the sky background, we use the minimum observed 
sky brightness tabulated from DIRBE data in the range 
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1.25/im-12^m (Hauser et al. 1998, Table 2). We find that 
this background contributes ~ 20 — 50% of the noise in 
the 1-5.5 fim range, while it is less important ( ^ 10%) 
compared to the increased detector noise at A > 5.5/im. 
The sky background is dominated by the zodiacal light, 
and might be substantially reduced for NGST compared 
to DIRBE , depending on NGST's orbit. 

The increase of the detector noise beyond A > 5.5/^m 
affects the relative detectability of the Hell and Ha lines. 
For a source at redshift Zs,i < 32,16,11, the He A1640, 
A3203, A4686 lines lie in the favorable 1-5.5 /xm range; by 
contrast, the Ha line redshifts to A > 5.5 //m for Zs > 7. 
Thus, in the redshift range 7 < z < Zg i the relative sig- 
nal to noise is (S/N)Hc,i/(S/N)Ha « 0.5(g/0.05)(9i/1.2). 
As an example, for a metal-free stellar population with 
a Salpeter IMF, the detection of the brightest line, Hell 
A1640, would require an integration time « 4 times longer 
than that required for Ha; a quasar with a — 1 would an 
integration time ^^ 6 times shorter for Hell A1640 than 
for Ha. More generally, for redshifts below Zgj, a day's 
integration for a Hell line yields 
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where the left figures in square brackets are to be used 
for metal-free stars and the right figures are to be used 
for mini-quasars. Assuming that /star '^ 10% of the gas 
is processed into stars, and /bh ~ 0.3% collapses to the 
central BH (see the models for high-redshift starbursts 
and mini-quasars by Haiman & Loeb 1997, 1998), the 
requirement of S/N=10 corresponds to dark halos with 
total mass Mhaio ~ 10^ M© at z = 9 (note that /starj/BH 
should be regarded as adjustable parameters uncertain to 
within an order of magnitude). We assume that gas in 
sources cools and collapses to form discs with angular 
scale Tdisc ~ Arvir, where A ~ 0.05 is the spin parame- 
ter; thus, most photons are converted to recombination 
line photons in the dense cores of halos. In this case most 
sources remain spatially unresolved, and subtend a solid 
angle il « max[l, (A/3.5/im)^] 0.01 arcsec^. 

From the observed recombination line fluxes, one can 
determine the relative number of HI and Hell ionizing 
photons: Qobs = (l/gi)(-'^HciLi/-'^Ha)- There is, how- 
ever, an upper limit to the observable ratio of Hell and 
Ha line strengths. Ionizing photon ratios in excess of 
N^^^/N™ '^ 1 do not further increase the observed line 
ratios, because w 50% of the opacity at E = 54.4eV is 
contributed by HI rather than Hell, inhibiting the growth 
of a Helll region further than the extent of the HII region. 
In practice, this limit can be approached only by unusually 
hard sources with a spectral index such that F,y w const 

("^0)- . . .. 

The relative intensities are also proportional to the 

relative escape fractions: Qobs oc Jiicn.i/J}ia oc (1 — 
/cs?^)/(l^/csc); thus, unequal escape fractions would lead 
to incorrect inferred Q. However, as long as the escape 
fraction for both HI and Hell ionizing photons is small. 



/osc < 10%, this is a small effect. Furthermore, while the 
inferred values of N^^^, Ni^^^ from Jhq, JhoII,! are subject 
to uncertainties about the electron temperature and dust 
scattering, their ratio is much more robust. In particu- 
lar, the inferred value of Q has only a T""-^^ dependence 
on the electron temperature and is largely insensitive to 
interstellar reddening (Garnett et al 1991). 

3. NUMBER OF DETECTABLE HALOS 

It is interesting to ask how many sources are expected to 
be bright enough for detection in Hell emission by NGST. 
Based on equation 0, the minimum halo mass associated 
with a detectable source is at least ~ 10^ M©. The gas 
in these halos have virial temperatures Tvir > lO^K, al- 
lowing efficient atomic line cooling and subsequent star or 
BH formation. We now make further simple assumptions 
about the efficiency of star and BH formation to compute 
the expected number counts, based on the abundance of 
dark halos. The mass function of halos has recently been 
determined accurately (to within ~ 20%) in large three- 
dimensional simulations (Jenkins et al. 2000), and we 
adopt their fitting formula (their eq. 9). The halo masses 
relevant here are factor of a few above the "knee" of the 
mass function, where the abundance of halos is slightly 
larger than in the standard Press-Schechter (1974) the- 
ory. We also adopt a flat cold dark matter (CDM) cos- 
mology with a cosmological constant, i.e. ACDM with 
(flA, iln,, Ob, h, (Tgh-i , n) = (0.7, 0.3, 0.04, 0.7, 1, 1). 

The estimate of the number of detectable metal-free 
starbursts is difficult, since the length of the epoch of 
completely metal-free star formation is not known. Even 
trace enrichment of star forming regions to low metallic- 
ities Z ^ 10"'^ results in stars with significantly softer 
spectra (Tumlinson & ShuU 2000) , with a production rate 
of Hell ionizing photons lower by 5 orders of magnitude, 
from which Hell recombination radiation would be unob- 
servable. It is possible that such trace enrichment could 
take place very quickly, on timescales of order the lifetime 
of the first generation of stars. To circumvent this uncer- 
tainty, we simply assume that some fixed fraction /* of the 
baryonic mass of every halo with Tvir > lO^'K undergoes a 
metal-free starburst. Of course, in reality /*(Mhaio,z) is 
likely a function of both halo mass and redshift, and in par- 
ticular declines with redshift as stars pollute the IGM with 
metals. Our ansatz is therefore valid only at high redshift 
z > ^pollute before metal pollution becomes widespread; at 
lower redshifts the counts are overestimates. For detec- 
tion with NGST to be feasible ZpoUutc rnust be low, either 
because metal mixing is inefficient or widespread star for- 
mation only takes place at low redshift. We define the 
efficiency parameter e = (/*/0.10)((5/0.05), and in Fig- 
ure we show the number of detectable objects in the 
three Hell lines, as a function of redshift, for two differ- 
ent values of e = 1 and 0.1. We require S/N=10, and 
adopt the field of view of 4' x 4' of NGST. The curves 
are obtained by computing the total abundance of halos 
brighter than the S/N threshold, and multiplying by the 
duty-cycle i*/i_f/(z), where tniz) is the age of the universe 
at redshift z, and i* = 10^ or i* = 10^ years is the du- 
ration of the burst. Note that since the underlying mass 
function is steeper than M~^, shorter, and therefore for a 
fixed /, brighter, bursts (upper set of three curves) yield 
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a larger number of detectable sources than longer bursts 
(middle set of three curves). Note further that for a low 
star formation efficiency of /* = 1% (and Q = 0.05), one 
source is still detectable per field out to z ~ 13 in the 
brightest line (lower solid curve). 



shifts, where the underlying halo mass function is steep 
(cf. the upper vs. the middle set of three curves). The 
lower set of three curves demonstrate that for a relatively 
soft spectrum a = 1.8, a few mini-quasars would still be 
visible out to z ~ 14. 
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Fig. 1. — The number of sources in a 4' X 4' NGST field per unit 
redshift, detectable as a lOcr fiuctuation in the three brightest Hell 
line, in a t = lO^s exposure at spectral resolution R = 1000. The 
sources are assumed to remain unresolved. The middle set of three 
(solid, dashed and dotted) curves correspond to the efficiency pa- 
rameter e = {/,/0.10){Q/0.05) = 1 and a burst duration of t, = lO'^ 
years. The upper and lower set of three curves show variations from 
this model when t« = 10^ years or e = 0.1 is assumed, respectively. 
The sharp cutoff in the counts for the A4686A line for 2 > 11 is due 
to the increased detector noise at A > 5.5 ^m. 

To estimate the number of detectable mini-quasars, we 
assume that a fraction 3 x 10~''(rib/^m) of the halo mass 
collects into a central BH, which shines for tq = 10^ years. 
Alternatively, we assume that the BH's are 10 times more 
massive than this, but shine only for 10^ years. Both of 
these relations produce the same amount of total quasar 
light, and the latter relation is similar to the Haiman & 
Loeb (1998) model, which was explicitly calibrated to fit 
the Pei (1995) luminosity function at redshifts below z ^ 5 
(see Haehnelt et al. 1998 and Haiman & Hui 2000 for a 
discussion on the quasar lifetime, and the calibration of 
the ratio of BH to halo mass). Note that while the low- 
redshift empirical relation Mbh oc ibuigc (Magorrian et al 
1998) has large scatter, the relation Mbh oc a"" has re- 
cently been shown to be much tighter, with scatter largely 
accounted for by observational errors (Gebhardt et al 2000, 
Ferrarese et al 2000). This new result is in line with our 
assumptions, since at a given formation redshift the cor- 
relation Mhaio oc f" is much tighter than the correlation 
A^haio oc Lbuigo (the latter being subject to larger scatter 
in gas cooling and star formation efficiency). Nevertheless, 
we must regard the Afbh oc Mhaio scaling as an uncertain 
ansatz motivated by lower-redshift observations. In Fig- 
ure we show the expected number of detectable sources in 
these two models in the three strongest Hell lines. Similar 
to the starburst case, shorter and brighter mini-quasars 
would be more numerous, especially at the highest red- 



FlG. 2. — Same as Fig. hi but for mini-quasars. The middle 
set of three curves describe a model with BH to halo mass ra- 
tio of 3 X 10~*(Oi,/f!,„), a quasar lifetime of tq = 10^ years, 
and spectral index a = 1. The upper and lower set of three 
curves show variations from this model when Iq = 10^ years (with 
A^Bn/A^^halo = 3 X 10~''[f2t,/Om]) or a = 1.8 is assumed, respec- 
tively. 

4. DISCUSSION 

Our simple estimates suggest that hard ionizing radi- 
ation from either metal-free stellar populations or from 
mini-quasars would produce HeH emission lines that are 
detectable with NGST. Our results, shown in Figures || 
and H reveal that there could be ^ 10 suitably bright 
sources from redshift z ^ 10 in an A^'GS'T' field in a 10^ sec 
exposure. The distinction between metal-free starbursts 
and mini-quasars is best performed with observations with 
greater signal-to-noise than Hell recombination lines-e.g. 
on the basis of broad-band colors as has been successfully 
used to select high-redshift quasars (Fan 1999), Ha line 
widths (with mini-quasars displaying much broader line 
widths a ~ 1000 kms~^ due to line broadening by the ac- 
cretion disc), and the fact that the brightest mini-quasars 
can be seen in X-ray emission with CXO (see discussion 
below). 

Hell recombination radiation could also arise from other 
sources of hard photons, such as supernova remnants. In- 
deed, Hell recombination emission has been detected in 
several nearby extragalactic HII regions, and have been 
used to infer values of Q of order Q « 3% (e.g., Garnett et 
al 1991). The interpretation of these results is still uncer- 
tain, with suggested emission mechanisms for Hell ionizing 
radiation ranging from Wolf-Rayet stars to X-ray binaries 
and shocks. Suffice it to say that if such hard sources 
are also present at high redshift, their Hell recombination 
will also be detectable by NGST, and their presence has 
important implications for the reionization process. For 
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processes which scale with the star formation rate such 
as Wolf-Rayet stars, XRB and supernova shocks, their de- 
tectabihty can be estimated siniply by inserting the appro- 
priate value of Q in equation ([l|); the empirically derived 
value of Q w 3% yields fluxes about a factor of 2 below 
that assumed for metal-free stars. Thus, Hell recombina- 
tion lines might be visible from star-forming regions even 
after widespread metal pollution. 

Candidate objects for Hell emission lines can be imaged 
with NGST in broad bands at rest-frame energies below 
13.6eV. However, strong absorption within the source, and 
by the neutral IGM, will render the ionizing continuum in- 
accessible to direct observation. High-redshift quasars are 
also much more difficult to detect in X-rays than in the 
HeH lines. To detect a redshift z — IQ source with the 
Chandra satellite in 5 x 10^ seconds at S/N=5, the BH 
mass needs to be at least about 10® Mq (Haiman & Loeb 
1999). By contrast, iVG^Tcould detect the Hell line signal 
from a BH as small as ~ lO'^ Mq, assuming the same red- 
shift, S/N, and duration of observation (cf. eq. ||). Unless 
nearly all ionizing radiation (/esc ^ 99.9%) leaks out from 
high-redshift quasars, the Hell detection with NGST is 
therefore easier than the X-ray observation with Chandra. 

It is worth noting that the measured value of Q does 
not uniquely constrain the importance of hard photons for 
the reionization of the universe. Photons with energies 
above E ^ 270(AfHi/10^^cm~^)^/^eV can escape unim- 
peded from a halo with a neutral hydrogen column density 
of A'hi, and would not produce Hell recombinations (and 
would therefore not affect the measurement of Q) . Never- 
theless, these hard photons can contribute to the reioniza- 
tion of the universe by multiple secondary ionizations far 
away from the source, since a fully neutral IGM is opti- 
cally thin only for E Z 1.5[{l + z)/10]^/^{xm)^^^^eY. Such 
photons are more important for HI ionizations rather than 
Hell ionizations, since each photon contributes at most one 
Hell ionization but multiple HI ionizations (secondary ion- 
izations have little effect on Hell ionization, Shull & van 
Steenburg 1985). Thus, hard sources of radiation, such as 
non-thermal emission from supernova remnants, can pro- 
duce low levels of Hell recombination line flux and yet 
potentially play an important role in the reionization of 



the universe (Oh 2000a). For these sources, the best ob- 
servational handle on hard photon production is radio syn- 
chrotron emission, which arises from the same relativistic 
electron population which produces X-ray emissions. 

5. CONCLUSIONS 

The unparalleled sensitivity of NCST will make it pos- 
sible to image the first luminous sources in near and mid 
IR, corresponding to rest frame UV emission longward of 
the Lyman limit (e.g. Haiman & Loeb 1997; 1998). How- 
ever, the most important part of the spectrum for models 
of reionization, the ionizing continuum, will likely be in- 
accessible to direct observation. Provided that the escape 
fraction of ionizing photons is indeed small, the recombi- 
nation line fluxes can serve as an important proxy for this 
part of the spectrum. This technique has already been 
successfully applied to extragalactic HII regions (Garnett 
1991). The Balmer a flux is relatively easily detectable 
from high-redshift sources (Oh 1999), and probes their 
intrinsic spectrum in the range 13.6 — 54.4eV. In this pa- 
per, we have shown that the Hell recombination lines are 
also detectable for redshifts exceeding z ^ 10, and pro- 
vide a measure of the source luminosity above 54.4eV. 
The most promising Hue is HeII(3 -^ 2) (1640A), with 
the HeII(4 -> 3) (4686A) and HeII(5 -^ 3) (3203A) Hues 
fainter by a factor of '^ 2 and ~ 8 respectively. Combining 
the measured Ha and Hell fluxes can serve as an impor- 
tant probe of the hardness of the spectrum, largely inde- 
pendent of the electron temperature and interstellar red- 
dening. Such a measurement will shed light on the nature 
and emission mechanism of these first luminous sources, 
with important astrophysical consequences for the reheat- 
ing and reionization of the IGM. 
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